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I OBJECTIVE 


The purpose of the program is to determine’ the characteristics of 
those perceptual modalities through which individuals obtain information 
about their environment, wherein such information is not presented to 


any known sense, 


The program is divided into two categories of investigation of 
approximately equal effort, applied research and basic research. The 
purpose of the applied research effort is to explore experimentally 
the potential for applications of perceptual abilities of interest, 
with special attention given to accuracy and reliability. The purpose 
of the basic research effort is to identify the characteristics of 
individuals possessing such abilities, and to identify neurophysiological 


correlates and basic mechanisms involved in such functioning. 


II PROGRESS DURING THE REPORTING PERIOD aoe 
A. Applied Research . ; a 


1. Remote Viewing cae 4 


(a) Local Targets 


An experiment is continuing in which ten sites known to 
the subject are being visited in random sequence, with replacement, by a 
target demarcation team. A comparison is to be made as to hit accuracy 
under conditions of (1) identifying the site by name and, (2) identifying 
the site by photographs. 


: _ 


i a 


Approved For Release 2003/09/10 : CIA-RDP96-00787R000700100005-1 


Approved For Release 2003/09/10 : CIA-RDP96-00787R000700100005-1 
(b) Remote Targets 


In conjunction with a vacation trip by one of the 
experimenters (H.P.) to Costa Rica, a week of remote target viewing will 
be carried out at 1330 local time (1430 Costa Rica time). Pictures of 
the target locations are to be taken. Upon return and development of 
the pictures, the subject will be asked to match target pictures with 


narratives, as will the experimenter, both in blind fashion. i 


2. Detection of Variable Density Target Material > ae eee 


Fy 


An initial experiment with twenty-seven sponsor drawings of 
variable senders and density was completed. The goal was the dificren- 
tiation of twelve low-density cards, six pencil, and nine blank cards, 
The numbered envelopes containing the target material, sealed and 
specially secured by the sponsor, were randomized before each trial and 
placed inside non-numbered opaque envelopes before being presented to 


the subject for sorting. 


Two series were carried out, The first consisted of 24 runs 
through the 27 cards, choosing 12 cards each run, the goal being to 
choose the 12 low-density cards. Out of the 12 x 24 = 288 choices, the 
expected number of target cards by chance was 128, the: obsenved number 
chosen, 133, The second series consisted of 18 runs through the 27 cards, 
choosing 6 cards each run, the goal being to choose the 6 pencil cards. 
Out of the 6 x 18 = 108 choices, the expected number of target cards by 
chance was 24, the observed number chosen, 19. Thus, the overall result 


given the task did not differ significantly from chance. 


However, when we examine the ranking of cards by number of 
times chosen, we observe a significant skew in the distribution. 
Independent of the assigned task, in the 24-run series of 12 choices 


each, the expected number of times a Given card is chosen is ll. 
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the Halstead-Reitan neuropsychology test battery. 
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given card is chosen is 4, In the two series, of the 17 cards chosen 


more often than expected by chance, the expected number of low density 


cards is 7.5, 


~3 
p=2x 10- level. Thus, 


i 
\ 
ie 
the observed number 13, a result significant at the | 
t 
in the overall distribution certain of the ae 


low-density cards were chosen often enough to yield a significant Hesult: 


. - 
in the ranking distribution, , : 


It is considered that the initial experiment was unnecessarily 


complex, there being a mixture of target sizes (2), symbols (3), and ink 


techniques (3). New experiments are to be carried out to clarify 


whether a usable talent exists in this area, 


B, Basic Research 
\ 
1. Testing Program \ 


| 
(a) Psychological Testing : | 


‘ ! / 
‘Arrangements have been made with Dr. Donald Lim of the VE 


Palo Alto Veteran's Administration Hospital for the administration of 


Dr. Lim is experienced 


in the administration of the battery and has personally consulted with 


Dr, Reitan on testing procedures and interpretation. 


weg In connection with testing hypotheses associated with 


Pe a HME ra aeons EE AES OS ASNT rte lyk 


IRR rt nt cima a tea Ml a VSD aS AR REE en 


of the brain, Dr, Robert Ornstein of the 


Langley Porter Neuropsychiatric Institute, University of California, 


San Francisco, has agreed to administer tests appropriate to testing 


hemispheric predisposition. 


(b) Medical Testing 


The physical characteristics part of the program will be 


administered by the Environmental Medicine Lacility of the Palo Alto 
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Medical Clinic. The basic physical includes urinalysis, bloodwork 
(hemoglobin, STS, CBC, blood pressure pulse), hearing tests (frequency 
and intensity), eye tests (depth perception, color vision, far and near 
vision, peripheral vision), pulmonary function test, EKG, tonometry, 


height, weight, and a physical examination. A consultation appointment 


basic physical, -~— oe e 
a ‘ 
By 2 2. Measurement Program ; 
; : 44 a hal 
ah Vy 
af oe ‘ 
(a) EEG Experiment ms Sf aoad 


A variety of evidence from clinical and neurosurgical 


sources indicates that the two hemispheres of the human brain are 
igh ¥ 
| ; ; specialized for different cognitive functions, The left hemisphere is 
, predominantly involved in verbal and other analytic functioning, the 


‘ right in spatial and other holistic processing. (See appandis.j— 


In consultation with Dr. Robert Ornstein of the Langley 
Porter Neuropsychiatric Institute, an hypothesis was formed based on 
certain Sosenveu- cnaracterzeties that paranormal functioning might 
eive right hemispheric specialization, To test this hypothesis, the 
EEG remote strobeflash experiment described in Report No. 1 was repeated 
, three times with monitoring of right and left occipital regions. Each 
‘. * ‘ experiment consisted of 20 15-second trials, 10 no-flash trials, and 10 
eas * 16 Hz trials randomly intermixed. Reduction of alpha activity (arousal 
od e response) coieslaeed with remote stimuli was observed as in previous 
a4 experiments, but essentially only in the right hemisphere (average 
oar ae 


ya” alpha reduction 16 percent in right hemisphere, 2 percent in left, 
yt 


| 1 during the 16 Hz trials as compared with the no-flash trials). Such 

| yu a 

Li” WS ¥esurts indicate initial support for the hypothesis of right hemispheric 
Ayr specialization, and ‘therefore further investigation of right hemisphere 


a specialization seems indicated, 
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(b) Physical Measurements 


“A meeting was held with Mr. Stacy Luke of the client's 
organization in which it was agreed that an experiment shall be carried 
out utilizing the client's Josephson junction gradiometer, Alternate 
SRI locations were examined and a suitable one chosen, The purpose of 
the experiment is (1) to determine whether magnetic field gradients can 
be esbabiisned on command by the subject, and, if so, (2) to udseesse | 
such effects under conditions of viewing the probe from remote locations, 
and, if the latter is positive, to examine the effect as a function of , . yee 


subject-probe distance. - ted 


Two additional sensitive instruments are being set up as 
remote probes, One is a radiation probe box which includes a photo- 
multiplier and geiger counter, The other is a mechanical force indicator 


tt ere oe ney ae 


consisting of a torsion pendulum Suspended on a metal fiber, enclosed in -:- Sis 


a bell jar, and monitored by a laser beam reflected from a mirror on the ae aes 

: { 
pendulum to a beam-position detector. Baseline data are being taken cae ae fl 
these instruments, and experimentation will proceed during April, eee eae 


Reference 1: "Hemispheric Specialization and the Duality of Consciousness," 

David Galin, M.D. and Robert E, Ornstein, Ph.D,, in press in: 
: Widroe, Harvey, M.D., ed. Human Behavior and Brain Function, 
a, es Published by Charles C, Thomas, Springfield, Illinois, 1973, 
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APPENDIX 


Hemispheric Specialization and the 


Duality of Consciousness 


David Galin, M.D. and Robert —. Ornstein, Ph.D. 
Institute for the Study of Human Consclousness 
Langley Porter Neuropsychiatric Institute 


University of Californta, San Francisco 


in press in: 
Widroe, Harvey, M.D., ed. Human Behavior and Brain Function 
published by 
Charles C Thomas 


Springfield, lllinois 


1973 


Approved For Release 2003/09/10 : CIA-RDP96-00787R000700100005-1 


Approved For Release 2003/09/10 : CIA-RDP96-00787R000700100005-1 
Hemispherlc Spectaltzatton and the 


Duallty of Consclousness 
CPYRGHT David Galin, M.D., and Robert E. Ornsteln, Ph.D. 
Institute for the Study of Human Consclousness 
Langley Porter Neuropsychlatrtc Institute 


University of Callfornta, San Franclsco 


A varlety of evidence from clinical and neurosurgical sources 


Indicates that the two hemlspheres of the human braln are specilallzed for 


different cognitive functions. This evidence has been confirmed In studies 
of normal subjects. The left hemisphere Is predominantly Involved In 
verbal and other analytic functions, the right In spatial and other 
holistic arecessiae: awe 

‘The two Kenisone as have been surgically separated for the treatment 
of certaln cases of epilepsy; after the operation, it has been found that 
each hemisphere is conscious, and can carry out complex cognitive processes 
of the type for which It is speciallzed. tn short, there appear to be two 
separate, consclous minds In one head. The study of how these two half- 
brains cooperate or interfere with each other in normal, intact people has 
just begun. We believe that this work has important implications for 
psychiatric theory and practice, and sdueseione ae well as for clinical 
neurology. 

In our laboratory at Langley Porter we have been studying this 

lateralization of Function with EEG techniques. With the method which we 
have developed we can dee etnguisn.-betucen these two cognitive modes as they 


occur In normal subjects, using simple scalp recordings. 
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We will review some of the experiments and clinical observations on 
this duality in human nature, and mention some of the opportunities for 
future research that seem to us most conte yaa. 

1. Speclalitzation of the two Hemispheres - "Split-Brafn'' studles: 

The asymmetrical localfzatlon of cognitive function has long been 
establIshed. Language was ascribed to the left hemisphere by Dax in 1836 
(Benton & Joynt, 1960). Since then clinlcal work with brain damaged 
pattents has continued to differentlate the cognitive functions of the 
hemispheres (Semmes et al., 1955, Milner, 1965a, nueda; 1966, Corkin, 
1965). For example right temporal lobectomy produces a severe impairment cn 
viel and tactile mazes. In contrast left temporal lobectomy of equal 


— 


extent produces little deficit on these tasks but impairs verbal memory 


(Milner, 1965a, Corkin, 1965). In general, clinical work has found verbal 


and arithmetical functions (analytic, linear) depend on the left hemisp.ere 
while spatial relationships (hollstic, gestalt) are the special pedeiteise 
the right hemisphere. Sperry, Gazzantga, Bogen and thelr assoclates (1969, 
Levy, 1970, Bogen, 1969) have had a unique opportunity to study the 
specialization of the two halves of the brain Isolated from each other. 
They worked with patients who had undergone surgical section of the corpus 
callosum for the treatment of epilepsy. These "split brain" patients were 
tested wlth special apparatus to insure that the task was presented to only 
one hemisphere at a time, Sperry, Gazzaniga and Bogen have been able to 
establish that each hemisphere can function independently and is 
independently conscious. Learning and memory are found to continue 


separately in each hemisphere. The right hand literally does not know what 
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the left hand Is dolng. Both halves Independently sense, percelve 
and conceptuallze. Unflateral assaclatlons between tactual, visual 
and auditory sensations rematn. In these patients, the left 
hemisphere is capable of speech, writing and mathematical calculation, 
and is severely limited in problems Involving spatial relations. The 
right hemisphere has use of only a few words and can perform simple 
addition only up to ten, but can perform tasks Involving spatial 
relationships and music patterns. 

It is Important to emphasize that what most characterizes the 
hemispheres Is not that they are speclal!zed to work with different types 
of materfal, (the left with words and the right with spatial forms); 


rather each hemIsphere is specialized for a different cognitive style; the 


left for an analytic, logical mode for which words are an excellent 


tool, and the right for a holistic, gestalt mode, which happens to be 

particularly suitable for spatial relations, and music. The difference 

In cognitive style is explicitly described In a recent paper by 

Levy, Trevarthen, and Sperry, 1972 : 
"Recent commissurotomy studies have shown that the two disconnected 
hemispheres, working on the same task, may process the same sensory 
information in distinctly different ways, and that the two modes of 
mental operation involving spatial synthesis for the right and 
temporal analysis for the left, show indications of mutual antagonism 


(Levy, 1970). The propensity of the language hemisphere to note 


« 
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analytical detalls in a way that facilitates thelr description in 
language seems to Interfere with the perception of an over-all 
Gestalt, leaving the left heml sphere ‘unable to see the wood for the 
trees,' Thts interference effect singeeeed a rationale for the 
evolution of lateral spectalfzation...'' (Levy, et al., 1972) (See also 


Nebes, 1971, Semmes, 1968). 


Sperry and his collaborators have found that "in general, the post-~ 
operative behavior of (the commissurotomy patients) has been dominated by 
ee majar (itd) hemisphere...'' except tn tasks for which the right 
hemisphere is particularly specialized. (Levy, et al., 1972). 


To understand the method of testing and interviewing each half of the 


awe 


brain separately, two-points of functlonal anatomy must be kept in mind. 


The first Is that stnce language functions (speech, writing) are medtated 
predominantly by the left hemisphere In most people, the disconnected right 
hemisphere cannot express Itself verbally. The second point Is that the 
neural pathways carrying information from one side of the body and one-half 
of the visual field cross over and connect only with the opposite side of 
the brain... This means that sensations in the right hand and images in the 
right visual space will be projected almost entirely to the left 
hemisphere. Similarly, the major motor output is crossed, and the left 
hemisphere mainly controls the movements of the right hand. Therefore, 
patients with the corpus callosum sectioned can describe or answer 
questions about objects placed in their right hands, or pictures flashed to 


the right visual field with a tachistoscope, but can give no correct verbal 
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response when the Informatton Is presented to the left hand or the left 
visual fleld (they will in fact, often confabulate). The mute right 
hemisphere can, however, Indicate Its experlence with the left hand, for 
example, by selecting the Proper object from an | array. 
2. Dissoclation of Experience: 

The dissociation between the experfences of the two disconnected 
hemispheres is Sometimes very dramatic, A flim made “bY Sperry and ae 
colleagues shows two illustrative tnctdents, 

The film shows a young female patient being tested wlth a 
tachIstoscope as described above. In the series of neutral geometricai 
Figures being presented at random to the right and. left fields, a nude pin- 
up was Included and Flashed to the right (nonverbal) hemisphere. The gir] 
blushed and giggled, ‘Sperry asked "What did you see?" She answered a 
"Nothing, just a flash. of light," and giggled again, covering her mouth 
with her hand, "Why are you laughing then?" asks Sperry, and she laughs 


again and says, "0h, Dr. Sperry, you have some machinei" The episode js 


seen this as a clear example of perceptual defense: one might infer 


she was repressing the perception of the conflictful sexual mavrerial-- 


her final response (a socially acceptable nonsequitur) was convincing 


also Sperry, Am. Psychol, 1968, 23:723-33, esp. p. 732). 

In another section of the filma different patient fs performing a 
block design task; he is trying to match a éslored geometric design with a 
set of painted blocks. The film shows the left hand (right hemisphere) 


quickly carrying out the task. Then the experimenter disarranges the 


Approved For Release 2003/09/10 : CIA-RDP96-00787R000700100005-1 


CPYRGHT,, proved For Release 2003/09/10 _: CIA-RDP96-00787R000700100005-1 


blocks and the right hand (left heml sphere) is given the task; slowly and 
with great apparent Indectston It arranges the pleces. tn trying to match 


a corner of the design the right hand corrects one of the blocks, and then 


shifts it again, apparently not realizing it was correct: the viewer seés 


the left hand dart out, grab the block to restore It to the correct 
positfon~-and then the arm of the experimenter reaches over and pulls the 
Intruding left hand off-camera, 

3. Psychlatric Implications: 

There Is a compelling formal similarity between these dissociation 
phenomena seen tn the commissurotomy patients and the phenomena of 
rapréssion: according to Freud's early ‘'topographical'' model of the mind, 
repressed mental contents functtoned in a separate realm, which was 
inaccessible to conscious recall or verbal Interrogation, functioning 
according to [ts own rules, developing and pursuing its own goals, 
affecting the viscera and insinuating itself tn the stream of ongolng 
consciously dtrected behavior, 

This parallel suggests that we examine. the hypothesIs that In normal, 
Intact people mental events tn the right hemisphere can become disconnected 
functionally from thie left hemisphere (by inhibition of neuronal 
transmission across the corpus callosum and other cerebral commissures), 
and can continue a life of their own. This hypothesis suggests a 
neurophystological mechanism for at least Some cases of repression, and an 
anatomical locus for the unconscious mental contents. 

What are the circumstances under which such a dissociation could take 


place? There are several ways in which the two hemispheres of an ordinary 
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person could begIn to functton as If they had been surgically disconnected, 
and cease exchanging Information. The first way Is by actlve inhtbItlon of 
Information transfer because of conflict. Imagine the effect on a child 
when his fader presents one message verbally, but quite another wlth her 
faclal expression and body language; "J am doing It because |! love you, 
dear’, say the words, but "I hate you and wil] desersy you'' says the face, 
Each hemisphere is exposed to the same sensory Input, but because of the:: 


relative specializations, they each emphasize only one of the messages, 


The left will attend to the verbal cues because [t cannot extract 


Information from the facial gestalt efficiently; the right will attend 
preferentially to the non-verbal cues because it cannot Sushiy, amaapecsad 
the words (Levy et al., 1972). Effectively a different input has been 
delivered to each hemI sphere, Just as In the laboratory experiments in 
which a tachistesdone Te used to present different pictures to the (efirand 
right visual fields. We offer the following conjecture: In thts situation 
the two hemispheres might decide on opposite courses of action; the left to 
approach, and the right to flee. Because of the high stakes involved each 
hemisphere might be ayia. ea maintain its consciousness and resist the 
inhibitory influence of the other side. The left hemisphere seems to win 
control of ‘the output channels most of the time (Sperry, 1968), but if the 
left is not abig to "turn off"! the right completely it may settle for 
disconnecting the transfer of the conflicting information from the other 
side. The connections bewsees hemispheres are relatively weak compared to 
the connections within hemispheres (Bogen 1969) and ft seems likely that 


each hemisphere treats the weak contralateral input in the same way in 
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which people In general treat the odd discrepant observation whlch does not 
flt with che mass of their bellefs; first we Ignore It, and then Tf it fs 
InsIstent, we actively avold it (Stent, 1972). 


The mental process In the right hemisphere, cut off in this way from 


the left hemisphere consctousness which fs directing overt behavior, may 


nevertheless continue a lffe of its own. The memory of the situation, the 
emotional concommitants, and the Gihoueates plan of action al} may persist, 
affecting subsequent perception and forming the basis for expectations and 
evaluations of future input. 

But active inhibition aristIng From, conflicting goals isoH6t the an 
way to account for a lack of communication between the two hemispheres, and 
a consequent divergence of consclousness. In the simplest case, because 


of thelr special modes of organization and special areas of competence, the 


knowledge which one hem! sphere possesses may not translate well into the 
language of the other. For Sap le, the experfence of attending a symphony 
concert is not saaatty expressed in words, and the concept ''Democracy 
‘requires informed participation is hard to convey in images. What may - 
transmitted in such cases may be the conclusfon as to action, and not the 
details on which the evaluation was based. It fs possible to convey some 
of the richness of the holistic consciousness in words, but it requires a 
great artist. 
4. Neo-Phrenology: 

it is not clear to what extent specific cognitive performances can be 
said to depend on specific areas of the cerebrum, beyond ee gross 


distinction between left and right hemispheres. Without going too far in 


Ral 
‘ Ld 
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the dlrection of assigning "centers" to cach mental quallty In the manner 
of the phrenologtsts, there seems to be some evidence for withIn-heml sphere 
localfzatton, For example, Mt Iner (1965b) has correlated disorders [n 
specific kinds of language processing iste lection: in specifle areas of the 
left hemisphere; verbal memory deficits with artertor eqpananceene: 
speech deficits wlth posterior temporal lesions, fluency deficits with- 
frontal lesions and reading deficits with lesions in the peaton of the 
parleto-occipital junction, 

The difficultles Inherent tn "localizing" complex functions are 
exempIT fled in the conflicting literature on the lateralization of 
arithmetic calculation. Luria finds tsetmacy acalculfa'' or primary 
arlthmetical disturbances with lestons of the left Infero-parletal lobe 
(Lurta, 1966), but Kinsbourne finds no systematic lateralization for 


arlthmetic (1972). 


The problem Is, complex, according to Critchley (1953) because 


calculation may entail more than one type of mentation and different people 
seem to employ different methods. Lesions in different areas would be 
expected to produce dyscalculla insofar as a person depended on the use of 
specific visual symbols or notation, or on rote memory (e.g. multiplication 
tables) or on an ideokinetic factor based on concrete manipulation such as 
counting on Fingers. The horizontal and vertical arrangement of numbers to 
represent units, tens, hundreds, etc., depends ‘on spatial and 
constructional factors. Vivid imagery for numerical forms and sequences 
may be important to Sone vee (Humphrey and Zangwill, 1952). Critchley 


concludes, "Nonethelessy there are certain ‘vulnerable’ regions of the 
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brain, wherein a lesion is more apt to be followed by a severe dyscalculia 
bearing certain clinical hallmarks. Thus disease of the dominant left 
hemIsphere Is more often followed by severe disorders of calculation." 
(Critchley, 1953) . 

5. Evidence for Lateral Spectallzation In Normal People: 

Some cautlon should be exerel sed In making the Inference of lateral 
speclalfization of cognitive functton tn normal people From leston studies 
alone. One might consider whether the 'split' functions are due In some 

: part to the radical surgery, or to the other disturbances in these 
patients. The Jelly of neurological disorders or surgical preparations 


cast light on normal functioning, but the most important and most practical 


question Is whether the normal bratn, engaged in everyday activitles is 


organized around lateralization of cognitive function. 

Recent research with normal subjects provides support for the — 
Inference that the intact brain does in fact make use of lateral 
Sela eae lon: With normal subjects, Filbey and Gazzaniga have measured 
the time required for informatton presented to one hemisphere to be acted 
upon by the other. A verbal reaction to information presented to the non- 
verbal right hemisphere took longer than a non-verbal response, (eT iey 
and basvantos. 1969). McKeever found faster tachistoscop!c word 
recognition for words projected to the left hemisphere than to the right 
(McKeever and Huling, 1970). In dichotic listening tasks, normal sedjects 
have better recall for verbal material presented to the right than to the 


left ear and better recall for melodies presented to the left. (Kimura, 


1961). 


oh 
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Fig. | shows a sample from the EEG from one subject durfng the Blocks 
and Written Letter tasks, Fig. 2 shows the results of Frequency spectrum 


analysis of the EEG from which Fig. ] was taken. 


The second experiment confirms the main effect found in the Pivot: 
higher ratlos are found during verbal tasks than during spatial tasks. All 
three lead seis show the task-dependent asymmetry tn both comparisons 
(Blocks vs, ‘Write-from-Memory, and Text Copying vs. MIrror Drawing). 

There are systematic differences between the leads. The parietal 
leads, In all comparfsons, In both experiments, exhibit the least task- 
dependent asymmetry, i.e. the difference itn alpha ratio on the verbal task 
and the spatial task is smaller on the parietal leads than on the temporal 
and central leads. The temporal and central leads appear to behave 


similarly In this respect. 


The Attention-to-Breath task most closely approximates the conditions 


under whIch clinical EEGs are recorded; i.e. little information processing, 
passive, unstructured. Clinical EEG texts generally state that alpha 
amplitude is normally higher on the right than the left. We find this to 
be so for the parietal leads, but consistently reversed for the cetinceal 
leads. Table I! shows the results from the Breathing task of Experiment 
Il. Most subjects have predominant right parfetal alpha and predominant 
left temporal alpha. The central leads show an equal distribution. This 


reversal between parietal and temporal alpha predominance can also be seen 


=" 
~ 
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during the active cognitive tasks. (Table }, all tasks except Mental 


Letter) 


TABLE {1 
Differences Beene steetrcde locations in "resting! alpha asymmetry 
Parietal Temporal Central 

Higher Right Alpha 27 9 16 
Higher Left Alpha 6 | 24 15 

The functional signi flcance of this reversal of asymmetry Is not yet 
clear, but it precludes classifying a person simply as "right dominant!' or 
"Veft dominant"; intrahemi spheric specieiizason wuss be taken into 
account. | 


Previous Investigators have sought to relate electrophysiological 


recordings to cognitive functions. A major effort has been devoted to 


‘relating the EEG to "intelligence" (see review by Vogel, et al., 1968). 
Our approach to this problem takes into account three factors which seem to 
have been neglected in the past: 

1. Recording while the subject is engaged In a task, rather than 
tryIng to relate a "resting" EEG or averaged evoked potential to Satesauent 
performance. 

2 selection of cognitive tasks which clinical evidence has shown to 
depend more on one hemisphere than the other, and which therefore should be 
associated with a predictable distribution of brain activity. 

3. Selection of electrode placements on clinico-anatomical] grounds. A 


wealth of evidence suggests that temporal and parietal leads should be the 
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most functlonally asymmetrical, and occipital leads the most similar. 
Unfortunately, occip!tal leads have been used most often in the past, 
probably because they are not as sensitive to eye movement and muscle 
artifacts. Usually recordings have been made only unflaterally. 


Now that we have established a method for determining lateralization 


of cognitive function In normal Ss, several maJor areas of concern can be 


studled: the generality of lateral speclalizatton of cognitive function itn 
the population, the role oF lateral speclallzation In critical academic 
skills, the effect of social drugs on hemispheric interaction, and the 
possibility of training voluntary control over patterns of lateral 
asymmetry usIng the feedback EEG. 

6. Lateralfzation in Left Handed and Ambidexterous People: 

The lateralization of cognittve functlons described above fs 
characterlstic of right: handed people. The cerebral Jateralfzatlon of left 
handed people ts more complex. Hecaen (1964,1971) has provided an 
extensive review of the neurological literature and a summary of his own 
clinical studies, and concluded that left handers show a greater cerebral 
ambi-laterality, not only for language, but also for gnosic and praxic 
functions. Hecaen distinguishes between left handedness which is familial 

and that which follows a perinatal injury to the left hemisphere. The 
familial type may or may not have reversed language lateralization. 

These conclusions were generally confirmed by suiz et al. (1967) in a 
study of a neurologically normal population. They used the dichotic 


listening test to assess language lateralization and carefully tested 
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manual supertorlty rather than relying on the subjects' self-classificatton 


as to handedness, 

Following’ the hypothests of Orton that stutterIng and aed can be 
due to poorly established cerebral spectalfzatfon, many prudies have found 
high Inctdences of left handers and ambi dexterous people among these 
clinical groups. Hewsen (1964) ) concludes that while no convincing direct 
relation has been demonstrated, "disorders of laterality can play a part In 
a certain number of these cases,"! 

The nature of these "disorders of laterality" is not eleahecre our 
knowledge there have been no attempts to quantitatively evaluate the 
interaction between the verbal-analytic and spatial-holistic cognitive 
eve tenis in normal daily activities. Our Sotetan is that in many ordinary 
activitles normal people simply alternate between cognitive modes rather 
than Integrating them, | These modes comp] tment each Oner but do not 
readily substi tute For each other. Although {ft Is posstble to process 
complex spatial relationships In words, tt would seem much more efficient 
to use Gaus iageeeees images. For Gxenbte: consider what most people 
do when asked to describe a spiral staircase; they begin using words, but 
quickly fall back on gesturing with a finger. 

Peccanctiig in the inappropriate cognitive system may not only be 
Inefficient; it may actually interfere with processing in the appropriate 
system. This ‘interference hypothesis' ts supported by a study of left- 
handed subjects who were presumed to have bilateral] language representation 
piers 1969). Levy compared left-handed and right-handed subjects with 


equal WAIS verbal scores and found that the left handers had significantly 
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lower performance scores, whlch she attributed to Interference from the 
presumed ‘amb! laterality of language, Her observation has been confirmed by 
Miller (1971). Similarly, In a group of patients tn whom right-hemi sphere 
language was demonstrated with carotid amytal, Lansdel1(1969) found a 
negative correlation between language ability and spatial performance 
scores. Brooks (1970) presents additional support for the hypothests of 
"interhemispheric interference". Reading a description of spatial 
relations interferes with the subsequent manTpulatton of those spatial 


relations. DenHyer and Barrett (1971) demonstrated selective loss of 


spatial and verbal Information fn short term memory by means of spatial and 


verbal Interpolated tasks. Levy has In fact suggested that verbal and non- 
verbal functions evolved in opposite hemi spheres to reduce interference of 
one system with the other (Levy, 1969). | 

This evidence of Interference between the right and left cognitive 
modes provides anew kind of support for the hypothesis of Orton, that Tack 
of cerebral lateral specialization plays a major role in dyslexia and 
stuttering. This hypothesis has continued to sustain interest, in spite of 
a lack of convincing direct evidence. Unti] recently, the only generally 
available Index of cerebral lateralization was handedaess, and people with 
little hand" preference, or left handers who were "switched" or those with 
mtxed hand and eye preference were considered to be “high risk''. The 
Incidence of such people in clinical categories such as stuttering, 
dyslexia, and specific learning disability is usually found to be higher 


than in the normal population. 
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Our EEG method for studying lateralfzation of cognitive function, 
along with the dichotic listening test, can provide a much more dfrect and 


presumably more sensitive means for Investigating disorders of laterality 


than measures based on hand, eye, or foot dominance. Our present proposal 


to extend our measures to left handed and satldentersus populattons will 
lay the groundwork for these clinical studles. 
7. Blofeedback Training for Voluntary Control of EEG Asymmetry: 

Our research has demonstrated characteristic patterns of activity and 
inactivity for both the verbal and the spatial cognitive modes. It is 
reasonable to suppose that more selective inhibition and facIlitatlon of 
each hemisphere can puscous car raaNeee It has been showe Tn many 
laboratorles that, when subjects are given exteroceptive feedback on the 

_ State of a physfological variable, they can learn control of the variable, 
e.g. EEG alpha, heart rate, EMG (Nowlis and Kamiya, 1970; Budzynski, 
Stoyva and Adler, 1970; Hnatiow and Lang, 1965). For example, O'Malley and 
Conners (1972) have reported a pilot case of a dyslexic boy who was given 
lateralized alpha feedback training, and showed significant changes in EEG 
asymmetry. Therefore, with the aid of feedback from our - 
electrophysiological index of cognitive mode, subjects may be able to learn 
to reduce the interference between hemispheres, and thereby improve 
cognitive performance. | 
8. Implications for Education: 

Qur EEG and eye movement studies (Kocel et al., 1972; Galin & Ornstein, 
1973) provide potential methods of assessing an individual's preferred 


cognitive mode. An individual's preferred cognitive style may facilitate 
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his learning of one type of subject matter, e.g., spatial, deladranui: and 
hamper the learning of ancther type, e.g., verbal analytical. A student's 
ciffi culty with one part of a curriculum may arise from his tnzbility to 
change to the cognitive mode appropriate to the work he ig doing. 

Studies by Colin (1969), Marsh et al. (1970), and by Bogen et al. 
(1972), have indicated that subcultures within the United States are 
characterized by a predominant cognitive mode: the middle class is likely 
to use the verbal-analytic mode; the urban poor is more likely to use the 
spatial-hollstic mode. This results In a cultural conflict of cognitive 
style and may In part explaln the difficultfes of the urban poor children 
In the school system orfented toward the middle class. There seems to be 
new recognition among educators of the importance of both modes of 
experiencing the world (J. Bruner, On Knowing; Essays for the Left Hand, 
1965). Many new programs (e.g., Sesame Street) emphasize helping verbal- 
analytically oriented children to develop holistic mode skills as wel] as 
helptng holistically-oriented children to make use of the traditional 


verbal-analytic materials. If our project Ts successful, it may make age 


feastble to train an individual child to enter both cognitive modes 


approprlately. With EEG feedback an individual fay be able to learn to 
sustain a pdttern of brain activity and the concommitant cognitive mode 
which js appropriate to reading and arithmetic on the one hand and painting 
and construction on the other. 

Qur approach may also be of use in the study of cognitive development. 
Since brain injuries before the age of 12 rarely result in saensnent 


aphasla, it is reasonable to suppose that the lateralization of cognitive 
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function Is still tn flux In young children after the acquisition of speech 


and even after the acquisition of written language. The maturation of the 


child's: cognitive power may be paralleled by, and: perhaps even depend upon, 


Increasing lateral speciallzation with a resulting decrease in interference 
between cognitive systems. Mur EEG measures of cognitive functlontng could 
be powerful tools for mapping the course of thls growth, These measures 
could be used In diagnosing aberrations In cognitive development. For 
example, certatn forms of dyslexta may be caused by interhemispheric 
Interference. Perhaps "feedback" training to improve selective Inhtbition 


of the Inappropriate cognitive mode would prove useful in therapy. 
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Change In EEG asymmetry during the Blocks and Written Letter 


Tasks: P3 = left parletal, Ph, = right parietal, T3 = left 
“temporal, Ty = right temporal. The ratio of power In homolo- 
gous leads T/T and P,/P, is greater on the Spatial task 
than on the verbal task. 


“Reprinted from Galin and Ornstein, 1972," 


Sample Fourler power spectra for Blocks and Written Letter 
tasks. For each lead EEG power is plotted versus fecaeacy 
In. 1 Hz Intervals from 1-29 Hz; the last point on each plot 
Is an average for frequencies 30-64 Hz. The ordinate is 
scaled In arbitrary units In which a 10 Hz sine wave of 80 
microvolts p-p corresponds to 80,000 units. The ratio of 
alpha-band power from homologous leads T,/73 and P,/P, is 
greater on the Blocks task than on the Written Letter task. 
These spectra correspond to the sample EEG tracings shown 
In Figure 1. 


"Reprinted from Doyle, Ornstein and Galin, 1973." 
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